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Abstract— 1. Carp (Cyprinus carpio) and tilapia (Oreochromis mossambicus) were kept in a flow-through 
respirometer for a week, while continuous oxygen consumption measurements were carried out, at a 
constant water 0 2 concentration.
2. Our measurements showed that tilapia decreased its standard metabolic rate (SMR), its 
average oxygen consumption, and its maximum metabolic rate in acid water (pH 4.0), whereas carp 
did not.
3. It is proposed, based on our results, that carp and tilapia probably have different strategies to survive 
pH depression episodes: whereas tilapia avoids the additional stress of exercise, carp tries to escape the 
acid conditions.
INTRODUCTION
M ost lab o ra to ry  studies on the effects o f  acid w ater 
on  fish concern  sho r t- te rm  exposures com bined  with 
acute  acidification (see W o o d , 1989, for review). The 
deleterious effects o f  acid w ater  on fish, however, are 
m uch  less when g radua l,  instead o f  acute  w ater 
acidification is applied  (V an W a a rd e  et al., 1990; 
V an Dijk et al., 1993a,b,c).
T he  old idea o f  anox ia  as the p r im ary  cause o f  
d ea th  o f  fish in acid w ate r  (Westfall, 1945; Packer and  
D u n so n ,  1972) is no longer su p p o r ted  in the literature 
(W ood , 1989), though  oxygen delivery p rob lem s do 
play a role in w ater  o f  very low pH  ( < 4 .0 ;  U ltsch 
et al., 1980; W o o d  and  M c D o n a ld ,  1982). In the 
presen t s tudy with ca rp  and  tilapia, we were in te r­
ested in the oxygen co n su m p tio n  p a t te rn  o f  these fish 
species, and  how this p a t te rn  was affected by g radual 
w ate r  acidification. Is, after  g radua l w ater  acidifica­
tion, the oxygen co n su m p tio n  o f  fish decreased in 
w ate r  o f  pH  4.0, and  how is the 0 : up take  affected 
a t  pH  3.2? In their s tudy  on carp , U ltsch et al. (1980) 
d em o n s tra ted  th a t  the s ta n d a rd  m etabolic  rate and  
the aerobic  scope for sp o n tan eo u s  exercise was not 
affected in the pH  range o f  7 .4 ^ .0 .  A t pH  3.5, 
however, bo th  were decreased and  at pH  3.0 an even 
fu rther  decrease was found. If we co m p are  o u r  d a ta  
with those o f  U ltsch and  cow orkers , will we again 
com e to the conclusion  tha t  the im pact o f  w ater 
acidification on  fish is m uch less after g radual 
acidification (V an W aard e  et al., 1990, Van Dijk 
et al., 1993a,b,c), o r  will we find tha t  the effect on 
the oxygen up take  is m ore  o r  less independen t o f  
the acidification procedure?
MATERIALS AND METHODS
C arp , Cyprinus carpio (300 ±  70 g), and  tilapia, 
Oreochromis mossambicus (350 +  40 g), o f  bo th  sexes 
were ob ta ined  from  local fish hatcheries and  were 
held, for at least 6 m on ths , in dech lorina ted  and  well 
aera ted  local tap  w ater o f  20 ±  1 C for carp , and  
2 5 ± 1 ° C  for tilapia. T he fish were kept on a
14 L/10 D photocycle  and  fed daily with com m ercial 
fish food. A t least two weeks before the start  o f  the 
experim ents  the fish were transferred  to four times 
diluted local tap  w ater  (1 vol o f  metal free tap  w ater 
mixed with 3 vols o f  dem ineralized water; end 
values: N a + 0.83, C l"  0.92, C a 2+ 0.68, K + 0.07, 
M g 2+ 0.16, N 0 3-  0.03, H C O 3-  1.11, SO 2" 0.29, S iO : 
0.06 m m o l l -1 ; A ltol was below the detection level o f  
6.7 nm ol l - 1 ). D uring  the acclim ation  period and  
th ro u g h o u t  the experim ents the fish were kept in this 
w ater  at 20.0 +  0.5 C for carp , and  25.0 ±  0.5 C for 
tilapia. Feeding was suspended  at least 24 hr before 
experim enta tion . Experim ents  with tilapia were pe r­
form ed in M arch  and  April, with carp  in the period 
A pri l-June .
On day 1 the fish was placed in the 12.3 1 resp iro­
m eter as described by Van den Thillart  and  Verbeek 
(1991). T he fish rem ained in this a p p a ra tu s  for one 
week. The oxygen tension inside the resp irom eter was 
kept at a set po in t (6 0 -7 0 %  a ir-sa tu ra ted  water). 
W henever the oxygen level decreased below this 
poin t, a ir -sa tu ra ted  w ater  was let into the resp irom e­
ter, until the set po in t was reached again. The oxygen 
co n su m p tio n  was m easured  con tinuously  at 15m in  
intervals by m eans o f  au to m atic  flowmeter readings 
(see Van den T hilla r t  and  Verbeek, 1991, for details
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concern ing  oxygen co n su m p tio n  m easurem ents) .  The 
following eq u a tio n  was used to calculate  the m e ta ­
bolic rate  ( =  oxygen co n su m p tio n )  for a 100 g fish:
- 0.8
where is the m easured  m etabo lic  rate, and  IV is 
the mass o f  the fish. Oxygen u p tak e  m easurem ents  
have been correc ted  for drift o f  the 0 2 electrode. T o  
this end, W ink ler  oxygen t i tra tions  o f  the in- and  
outflow ing w ater  were perfo rm ed  on a daily basis. 
Blank oxygen co n su m p tio n  was found to be less than  
2 %  o f  the to ta l 0 2 up take  and  was neglected.
F o r  the con tro l  fish, a p H -s ta t  device kept the 
w ate r  at 7.6 with 1.0 m m ol I-1 N a O H . F o r  the o ther  
fish, on day  5, we g radually  lowered the w ater  pH  to 
pH  4.0, using a p H -s ta t  device ( M E T R O H M  
605/614/655) and  0.5 m m ol l _l H 2S 0 4. This p ro ­
cedure  took  a b o u t  5 hr. F o r  som e fish the w ater  pH  
was fu r ther  decreased on day  7. In 1 hr the w ater 
pH  was g radually  lowered to 3.2, the pH  was kept at 
this value for 4 hr, before the w ater  pH  was b rough t 
back to pH  4.0 in 1 hr. T he  fish rem ained at this pH 
until day 8 when the w ater  pH was again  increased 
to pH  7.6. A fter at least 1 hr in neutra l w ater  the fish 
was rem oved from the resp irom eter  and  the an im al 's  
body  mass was de term ined . A p H -s ta t  device kept the 
w ater  pH  at the desired value th ro u g h o u t  the exper­
iment. T he  pH  electrodes (Russell C T L /L C W  for low 
conductiv ity )  tha t were em ployed  were specially de ­
signed to be used in so lu tions o f  low ionic strength. 
All values are expressed as m eans ±  SD. Presented P 
values arc based on the S tu d e n t’s r-test (two-tailed).
RESU LTS
O ne o f  the two ca rp  (carp  N o. 2, T ab le  1) tha t was 
exposed to w ater  o f  pH  3.2 died in the n ight following 
the experim ent. At this time the fish was kept in 
neutra l water. T here  were no add it iona l  mortalities 
am o n g  ca rp  or tilapia du ring  o r  after the experiment.
F igure  1 shows a representa tive  exam ple o f  the 
oxygen co n su m p tio n  pa tte rn  o f  a ca rp  kept in water 
o f  pH  7.6. These m easu rem en ts  were taken  on day 7. 
As can be seen, the oxygen up take  is no t constant: 
periods o f  relative co n s tan t  oxygen consum ption  
a lte rna te  with periods o f  various length o f  increased 
oxygen up take. T he average daily oxygen consum p­
tion (A D O C ) o f  ca rp  in neutral w ater  show ed vari­
a tion  but no consistent pa tte rn  could  be discovered 
(Fig. 2). The ra tio  o f  the largest to the smallest 
A D O C  m easured  over the period day  3 (day 4)-day  
8 for the two ca rp  kept in neutral w ater was 1:0.76 
and  1:0.52, respectively. In Tab le  1, the minimum, 
the m ax im um , and  the average oxygen consum ption  
o f  carp  over periods o f  4 hr are show n. It can be seen 
tha t  ca rp  usually reacted on w ater acidification with 
an  extrem e peak in oxygen up take . In two ou t o f  four 
fish tha t  were exposed to w ater  o f  pH  4.0. we
Table 1. The mean, maximum (max), and minimum (min) oxygen consumption (in mg hr
100 g ’) of carp, taken over 4 hr periods
pH 7.6 pH 1 pH 4.0 pH 3.2 pH 4.0'
Carp  No. 1 
mean 
max. 
min.
11.0 ±  2.0 
16.3 ± 4 .9  
7.45 ± 0 .5 3
14.2 ±  3.8 
25.8 
9.7
9.65 ±  0.94 
11.8 ±  2.0* 
7.79 ±  0.34
9.9 ±  2.0 
15.3 
7.8
14.57 ±0.92+ 
16.50 ±0.44+ 
12.67 ±0.85+
Carp  No. 2 
mean 
max. 
min.
25.1 ± 4 .8
30.2 ±  5.2 
20.4 ±  4.9
43.0 ± 8 . 0  
55.8 
29.2
25.6 ±  2.4 
32.0 ± 4 .5  
21.9 ± 2 . 2
14.1 ±  3.7 
23.8 
11.0
10.3 ± 2 . 2 i
12.3 ±  l . l j  
8.1 ±  2.1 i
Carp  No. 3 
mean 
max. 
min.
16.2 ± 5 . 5  
23.1 ± 6 .3  
9.1 ± 4 .3
33 ±  13 
48.0 
6.5
11.0 ± 4 .8 *  
15.6 ±  8.7 
7.2 ±  3.0
Carp  No. 4 
mean 
max. 
min.
10.6 ±  1.5
12.7 ±  2.1 
8.9 ±  1.3
11.6 ± 2 . 0  
18.7 
10.0
7.95 ±0 .80§  
9.44 ±  0.97§ 
6.3 ±  l. l§
Carp  No. 5 
mean 
max. 
min.
pH 7.6
28.7 ± 5 . 7
37.1 ±  7.5
21.1 ±  5.6
pH 7.6'
23.9 ± 5 .1 *  
30.1 ±  7.9*
18.9 ±  3.3
Carp  No. 6 
mean 
max. 
min.
11.8 ±  5.0
16.8 ±  5.7 
7.7 ± 2 .8
15.0 ±  5.5
18.7 ± 6 . 4
11.7 ±  5.2
Mean ±  SD. pH 7.6: measurements while the fish was in neutral water; pH j: measurements 
during 4 hr o f  the water acidification period; pH 4.0: measurements while the fish was 
in water of  pH 4.0; pH 3.2: measurements during the 4 hr at pH 3.2; pH 4.0': 
measurements in water o f  pH 4.0, after the fish returned from water of pH 3.2; pH 1.6’ 
measurements in neutral water in an identical period as for the fish that were exposed 
to water o f  pH 4.0; *significant difference between the measurements at pH 7.6 and 
the first pH 4.0 period; tsignificant difference between the two pH 4.0 periods; * or 
fP  ^ 0 .0 5 ;  § or $P ^  0.01.
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Fig. 1. An example of the oxygen consumption pattern over one day of a carp kept in neutral (pH 7.6) 
water. These measurements were taken over 15-min intervals, on day 7. Vertical stripes indicate period
of darkness.
observed a significant decrease in m ean  and  in m ax i­
m um  oxygen up take . C o m p a r in g  these pa ram ete rs  
over identical periods (in T ab le  1 under  pH  7.6 and  
p H  7.6 ') with con tro l  fish gave a similar result, so this 
decrease is no t due to w ater  acidification. Only in 
ca rp  N o . 4 did we find a decrease in m in im um  oxygen 
co n su m p tio n  in acid water; in the o the r  fish this value 
was sim ilar in acid and  in neu tra l water. This is also 
show n in Fig. 3, which is a m ore  detailed g raph  o f  
the influence o f  the w ater  pH  on the m in im um , the 
m ax im um  and  the average oxygen co n su m p tio n  (over 
4 hr periods, for ca rp  N o . 1). A t pH  3.2, these three 
p a ram ete rs  rem ained  at a similar level as before, but 
after  this low pH  period  we m easured  a g radual 
increase in the m in im um , and  the average oxygen 
u p tak e  o f  this carp .
In Fig. 4 an  exam ple  o f  the daily oxygen c o n su m p ­
tion p a t te rn  o f  a tilapia kept in neutra l w ater  (pH  7.6)
is show n. On this day, for this fish, the oxygen 
co n su m p tio n  was fairly cons tan t,  w ithout any peaks; 
however, on o the r  days this fish also had peaks in 
oxygen up take , bu t similar as in carp  there was 
no re la tionship  with the switching o f  the light. In 
add it ion , no difference was found for bo th  fish 
species, between day tim e and  nighttim e oxygen u p ­
take. F u r th e rm o re ,  we did not find, for tilapia or 
carp , tha t  the n u m b er  o f  peaks per day decreased 
over the period day  3 -d ay  8 . The A D O C  for tilapia 
kept in w ater  o f  pH  7.6 show ed some variation  
(Fig. 5). T he ratio  o f  the largest to the smallest 
A D O C  m easured  over the period day 3 -d ay  7 for 
these two tilapia was 1:0.80 and  1:0.62. Figure 6 
shows an  exam ple o f  the m in im um , m axim um  and 
average oxygen consum ption  over periods o f  4 hr o f  
tilapia during  the experim ent. All three param eters  
show ed a clear decrease in level after  lowering the
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Fig. 2. The average daily (over 24 hr) oxygen consumption (ADOC) of two carp (two separate curves
O and •  ) kept in water of pH 7.6 for a week. Mean ± SD.
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Table 2. The mean, maximum (max.), and minimum (min.) oxygen consumption (in mg hr 1
100 g ' 1) of  tilapia, taken over 4 hr periods
pH 7.6 pH 1 pH 4.0 pH 3.2 pH 4.0'
Tilapia No. 1 
mean 
max. 
min.
10.30 ± 0 .7 6  
13.0 ± 2 . 0  
8.38 ± 0 .9 6
8.3 ±  1.4 
9.4 
4.9
6.77 ±  0.66§ 
8.5 ±  l.6§ 
5.20 ±  0.56§
5.90 ±  0.90 
8.2 
4.5
8.76 ± 0 .5 0 J  
9.80 ±  0.53 
7.50 ±  0.82J
Tilapia No. 2
mean
max.
min.
19.7 ± 4 . 0  
23.5 ±  5.2 
15.1 ±  3.0
19.7 ± 2 .3  
23.8 
15.2
11.2 ±  1.8§ 
13.6 ±  2.9§ 
9.2 ±  l . l§
Tilapia No. 3
mean
max.
min.
18.0 ± 2 . 2  
20.7 ± 2 .1  
16.5 ±  1.7
16.3 ±  2.0 
19.1 
11.9
II I ±  l . l§
12.6 ±  2. I§ 
10.1 ±  l.0§
Tilapia No. 4
mean
max.
min.
pH 7.6
15.4 ±  1.9 
17.8 ± 2 .7  
12.6 ±2 .1
pH 7.6'
14.7 ±  l.l 
16.3 ±  1.4 
13.2 ±  1.0
Tilapia No. 5
mean
max.
min.
13.5 ± 3 . 4  
15.4 ±  3.6 
12.0 ±  3.4
13.5 ± 2 . 9  
15.0 ± 3 .5  
12.2 ± 2 . 7
Mean ±  SD. Table legend as for Table 1.
w ater pH  from  7.6 to 4.0 (see also T ab le  2). N o  such 
change  occurred  in the con tro l an im als  (Table  2). A 
fu r ther  decrease o f  the w ater  pH  to 3.2 however, did 
no t  cause any  add it iona l  change in these three p a r ­
am eters , bu t all three show ed a g radua l  increase after 
a lkalin iza tion  to pH  4.0 (Fig. 6). W ith  tilapia, we 
never observed a peak in oxygen co n su m p tio n  as a 
reaction  to an  acidification p rocedure  (Table 2).
DISCUSSION
In the present s tudy  the env ironm enta l  oxygen 
tension inside the resp irom eter  was kept at 6 0 -7 0 %  
air sa tu ra t io n .  H ughes el al. (1983) found with carp  
a t  20CC a similar resp ira tion  rate  at 60% , as at 100%  
air sa tu ra t io n .  W ith  ra inbow  tro u t  at 15CC, Bushnell
el al. (1984) could  even go dow n to 27%  air sa tu­
ra tion , w ithou t finding a significant change in oxygen 
up take. It can  therefore  be expected tha t  o u r  oxygen 
up take  m easu rem en ts  were no t affected by the very 
mild hypoxia  inside the respirom eter.
T he  m in im um  oxygen co n su m p tio n  rates tha t  we 
m easured  du ring  the 4 hr periods, could  be taken as 
a m easure  for the s ta n d a rd  m etabolic  rate (S M R ) for 
this 4 hr period. In their s tudy on carp , U ltsch et al. 
(1980) report  tha t  “ the s ta n d a rd  m etabolic  rate was 
taken  at the average oxygen up take  du ring  the first 
h o u r  o f  low activity when the calculated  oxygen 
co n su m p tio n  did no t vary by m ore  than  20% ” . 
U ltsch and  cow orkers  allowed the fish to habituate  
and  to recover from the hand ling  stress for at least
8 hr before the s ta r t  o f  the experim ent. In the present
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Fig. 3. The minimum standard metabolic rate (SMR), the maximum, and the average oxygen consumption 
(± S D ) over periods of 4 hr of carp No. 1. Open circle: measurements during the light period; filled circles:
measurements during the dark period. The lowest line shows the water pH.
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Fig. 4. An example of the oxygen consumption pattern, over a day, of a tilapia kept in neutral (pH 7.6) 
water. These measurements were taken over 15-min intervals, on day 6. Vertical stripes indicate periods
of darkness.
study, ca rp  were allowed to recover for a t  least 30 hr 
before o u r  first m easurem en ts .  W e observed  tha t  
tilapia du r ing  the pH  3.2 period  becam e com pletely  
m otionless, bu t  at o th e r  times it c a n n o t  be dismissed 
th a t  even du r ing  the 1 5 m in  o f  m in im um  oxygen 
u p tak e  the fish pe rfo rm ed  som e activity. Still, o u r  
m in im um  oxygen u p tak e  m easu rem en ts  were in the 
range o f  values kn o w n  from  the lite ra ture  for S M R , 
o r  oxygen u p tak e  o f  resting fish (Saunders , 1962; 
U ltsch  et al., 1980; T ak ed a ,  1989; Van Dijk et al., 
1993c for d a ta  on  carp; C au lto n ,  1978; Mishrigi 
and  K u b o ,  1978; Ross and  Ross, 1983; Ross and  
M cK inney , 1988 for d a ta  on  tilapia). In conclusion, 
we feel confident to call the m in im um  value, over a 
4 hr period , the S M R  o f  the fish for th a t  period.
T he  m ost im p o r ta n t  result o f  the present s tudy  is 
the dras tic  decrease o f  S M R  and  o f  m ax im um  m e ta ­
bolic rate, and  average oxygen co n su m p tio n  level in
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Fig. 5. The average daily (over 24 hr) oxygen consumption (ADOC) of two tilapia (two separate curves:
O  and # )  kept in pH 7.6 water for a week. Mean ±  SD.
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tilapia after g radua l  acidification o f  the w ate r  to 
pH  4.0. F ro m  o u r  m easurem ents , it can  be calculated 
th a t  the decrease in S M R  is responsible for m ore  than  
80%  o f  the reduction  in average oxygen c o n su m p ­
tion, and  for a b o u t  70%  o f  the decrease in m ax im um  
oxygen up take . A reduction  o f  sp o n tan eo u s  activity, 
b o th  in d u ra t io n  and  intensity, bu t  no t  in frequency, 
was p robab ly  responsible for the rem ain ing  part. 
W ith  ca rp  the m in im um  oxygen co n su m p tio n  level 
was, except for one fish, no t  affected by w ater  acidifi­
ca tion , so we th ink  th a t  ca rp  does n o t  decrease its 
s ta n d a rd  m etabo lic  ra te  in acid water. This is in 
agreem ent with a n o th e r  s tudy  on  the effect o f  acid 
exposure  on  ca rp  (U ltsch  et al., 1980). In the present 
s tudy we used g radua l w ater  acidification, whereas 
U ltsch  and  cow orkers  used an  instan t acidification 
p rocedure . Nevertheless, bo th  studies gave a similar 
result, so we conclude th a t  unlike o th e r  param eters
\
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Fig. 6. The minimum standard metabolic rate (SMR), the maximum, and the average oxygen consumption 
( ±  SD) over periods of 4 hr of tilapia No. 1. Open circle: measurements during the light period; filled circle:
measurements during the dark period.
such as p lasm a sod ium , chloride, glucose, and  arterial 
pH  (see V an  Dijk  et al. 1993a,b,c), the effect o f  acid 
exposure  on the oxygen co n su m p tio n  o f  ca rp  is 
independen t o f  w hether  the acidification p rocedure  
is g radua l  o r  instant. So the gill d am ag e  th a t ,  as 
W en d e laa r  Bonga et al. (1987) d em o n s tra ted ,  only 
takes place after an ins tan t p rocedure , seems not 
to affect the oxygen up take  o f  ca rp  in acid w ater 
(pH  4.0). T he reduction  in the m ax im um  and  in the 
average oxygen co n su m p tio n ,  tha t  we found in two 
acid-exposed fish and  in one con tro l  fish, m ust have 
been caused by the reduction  o f  the sp o n tan eo u s  ac ­
tivity o f  these ca rp  in the last pa r t  o f  the experim ent.
In this s tudy we found  tha t  the oxygen c o n su m p ­
tion o f  ca rp  and  tilapia varies with time. This was also 
found by m any  o the r  au th o rs  in several fish species, 
including carp  (H uang , 1975; H a m a d a  and  M aeda ,
1983), and  tilapia (N ag a ra jan  and  G opa l,  1983). F o r  
bo th  fish species, we did no t observe differences in 
levels between o u r  day tim e and  nighttim e oxygen 
up take  m easurem ents . This is in co n tras t  with the 
study from  Ross and  M cK inney  (1988) on Nile 
tilapia (Oreochromis niloticus), w ho found a higher 
resp ira to ry  rate du ring  the light period than  during  
darkness.
The two fish species used in the present study 
reacted differently to the onset o f  w ater  acidification. 
T ilap ia  becam e m otionless, w hereas carp  usually 
reacted with intense m ovem ents , causing a peak in 
oxygen uptake. A similar, but even s tronger  reaction 
was observed by Uitsch et al. (1980), w ho reported  
tha t  bo th  ra inbow  tro u t  and  carp  reacted to the 
add it ion  o f  acid to the w ater  by struggling, som etim es 
violently. F ro m  field observa tions  it is know n tha t  
acid episodes cause changes in behav iour  pa tte rns  o f  
fish. T here  is evidence tha t  fish show avoidance  
reactions to low pH  conditions , and  it is possible 
tha t  du ring  episodes, particu larly  in large w ater 
bodies, they could  locate areas o f  m ore  favourable
The lowest line shows the water pH.
cond itions , e.g. deeper w ater  or upwelling ground 
w ater  (G u n n , 1986). It was observed th a t  salmon 
spaw ners  m oved d o w n s tream , the reverse o f  their 
expected behav iou r  pa tte rn ,  aw ay from  the source of 
the acid a lum in ium -rich  w ater  (Skogheim  et al
1984). W e suggest tha t  ca rp  also tried to escape the 
acid w ater  in o u r  experim ent. T ilap ia , however, seems 
to have a different s tra tegy to survive acid conditions. 
In o u r  earlier experim ents  we found  tha t  m oderate 
exercise is an  add it iona l  s tressor in acid water 
(Van Dijk et al., 1993a,b). So obviously , tilapia 
avoids this add it iona l  stress by becom ing  motionless. 
We have som e evidence for this fish species that 
an im als  exposed to acid w ater  (3 days at pH  4.0) have 
a lower tu rn o v e r  rate o f  ca techo lam ines  than  control 
fish (P. Balm, P. V an Dijk, G . V an den T hillart ,  and 
S. W ende laa r  Bonga, unpub lished  results). So, this 
lower tu rn o v e r  rate could  be responsible for the 
observed behav iou r  o f  tilapia.
In the tilapia and  in one o f  the two carp , we saw 
a rise in m in im um  oxygen up take  level, as we in­
creased the w ater  pH  from  3.2 to 4.0. U itsch et al. 
(1980) concluded  tha t  carp  becomes hypoxic in 
pH  3.5 water. M ost likely o u r  fish also became 
hypoxic du ring  the 4 hr at pH  3.2. The increase in 
oxygen co n su m p tio n  in the following period would 
then represent the com pensa t ion  o f  the oxygen debt. 
T he one ca rp  (N o. 2) tha t did not increase its oxygen 
up take  after the pH  3.2 period, died in the night 
following the experim ent. A fter the period o f  extreme 
low w ater  pH  this fish was lying on its side on the 
b o t to m  o f  the respirom eter. So we th ink tha t  this carp 
also becam e hypoxic, bu t unlike the o the r  fish was 
not able to recover.
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